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A method of making a vehicle Windshield. First and second 
?at glass sheets are bent together into a shape desired for the 
Windshield. The bent sheets are separated, and an interlayer 
(e.g., PVB) positioned therebetWeen. After the sheets have 
been heat laminated to one another via the interlayer, the 
convex tin side of the outer sheet is ion beam milled to shave 

off a portion thereof. Then, a diamond-like carbon (DLC) 
inclusive coating is deposited using an ion beam(s) on the 
milled convex shaped surface of the laminate to produce a 
Windshield. In certain optional embodiments, the Windshield 
may be hydrophobic in nature. 
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METHOD OF MAKING A CURVED VEHICLE 
WINDSHIELD 

RELATED APPLICATIONS 

[0001] This application is related to US. patent applica 
tion Ser. No. 09/703,709, ?led Nov. 2, 2000; Ser. No. 
09/657,132, ?led Sep. 7, 2000; Ser. No. 09/627,441, ?led 
Jul. 28, 2000; Ser. No. 09/617,815 ?led Jul. 17, 2000; Ser. 
No. 09/303,548, ?led May 3, 1999; Ser. No. 09/442,805, 
?led Nov. 18, 1999; and Ser. No. 09/583,862 ?led Jun. 1, 
2000, the disclosures of Which are all hereby incorporated 
herein by reference. 

[0002] This invention relates to a method and system for 
making a curved laminated vehicle Windshield, using an ion 
beam source(s) to deposit at least one diamond-like carbon 
(DLC) inclusive coating on a curved exterior surface 
thereof. 

BACKGROUND OF THE INVENTION 

[0003] Laminated curved vehicle Windshields are knoWn 
in the art. Such Windshields typically include ?rst and 
second curved glass sheets/substrates separated from one 
another by an interlayer of a material such as polyvinyl 
butyral (PVB). Unfortunately, conventional Windshields 
typically are not hydrophobic in nature, and thus do not 
easily repel or shed rain Water. Moreover, conventional 
Windshields are often not as scratch resistant as Would 
otherWise be desired. 

[0004] Hydrophobic coatings are knoWn in the art. HoW 
ever, a problem arises as to forming same on a Windshield 
because the PVB layer of the Windshield, once in place 
betWeen the sheets to bond them together, cannot Withstand 
high temperatures or else delamination may occur. More 
over, knoWn hydrophobic coatings typically are not 
mechanically durable enough (e.g., scratch resistant) to 
Withstand the punishing environments in Which vehicle 
Windshields are utiliZed (e.g., high speed, heat, sun, snoW, 
rain, etc.). 
[0005] It has heretofore not been appreciated by those 
skilled in the art hoW to ef?ciently deposit a hard/durable 
coating onto the exterior surface of a curved vehicle Wind 
shield. 

SUMMARY OF THE INVENTION 

[0006] An object of this invention is to provide a hard/ 
durable coating on the exterior surface (or convex surface) 
of a laminated curved vehicle Windshield or other curved 
substrate. 

[0007] Another object of this invention is to provide a 
method of forming a hydrophobic hard/durable coating on 
the exterior surface of a vehicle Windshield using a loW 
temperature process so that an interlayer(s) located betWeen 
the tWo glass sheets of the Windshield is/are not damaged 
during the process of forming the coating. The coating 
comprises diamond-like carbon (DLC) in preferred embodi 
ments. 

[0008] Coatings herein my be hydrophobic or non-hydro 
phobic in different embodiments. When hydrophobic, the 
nature of such DLC-coated Windshields may be character 
iZed by relatively high initial contact angles 0. For example, 
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coated Windshields herein may be characteriZed by an initial 
contact angle 0 (i.e. prior to being exposed to environmental 
tests, rubbing tests, acid tests, UV tests, or the like) of at least 
about 55 degrees, more preferably of at least about 80 
degrees, even more preferably of at least about 100 degrees 
and most preferably of at least about 110 degrees. 

[0009] Another object of this invention is to ful?ll one or 
more of the above-listed objects. 

[0010] In certain exemplary embodiments, this invention 
ful?lls one or more of the above listed needs or objects by 
providing a method of making a curved laminated vehicle 
Windshield, the method comprising: 

[0011] providing ?rst and second glass sheets; 

[0012] placing the ?rst and second glass sheets in juxta 
posed relation With one another and heat bending the sheets 
together; 

[0013] positioning an interlayer betWeen the tWo heat bent 
glass sheets; 

[0014] heating the glass sheets With interlayer therebe 
tWeen in order to laminate the ?rst and second glass sheets 
to one another via at least the interlayer, thereby forming a 
curved laminate including a convex surface and a concave 

surface; 

[0015] ion beam milling the convex surface of the curved 
laminate in order to shave off or remove a portion of the ?rst 
glass sheet thereby forming a milled convex surface of the 
curved laminate; and 

[0016] ion beam depositing a diamond-like carbon (DLC) 
inclusive coating on the milled convex surface of the curved 
laminate using a non-focused ion beam, thereby forming a 
vehicle Windshield having an outer or convex surface 
including a DLC inclusive coating thereon. 

[0017] Certain other embodiments of this invention ful?ll 
one or more of the above-listed objects by providing a 
method of making a curved coated article, the method 
comprising: 

[0018] providing a glass sheet; 

[0019] heat bending the glass sheet to form a bent glass 
sheet having a convex surface and a concave surface; and 

[0020] ion beam depositing a diamond-like carbon (DLC) 
inclusive coating on the convex surface of the bent glass 
sheet. 

[0021] This invention Will noW be described With respect 
to certain embodiments thereof, along With reference to the 
accompanying illustrations. 

IN THE DRAWINGS 

[0022] FIG. 1 is a ?oWchart illustrating certain steps taken 
in accordance With an embodiment of this invention. 

[0023] FIG. 2 is a side schematic cross sectional diagram 
of a glass sheet being formed via a ?oat process. 

[0024] FIG. 3 is a side schematic cross sectional diagram 
of a coating (e.g., loW-E coating) being sputter coated onto 
the surface of a glass sheet. 
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[0025] FIG. 4 is a side cross sectional vieW of ?rst and 
second glass sheets in juxtaposed position prior to lamina 
tion, during the course of the process of an embodiment of 
this invention. 

[0026] FIG. 5 is a side cross sectional vieW of the FIG. 4 
sheets after being heat bent together in juxtaposed position, 
during the course of the process of an embodiment of this 
invention. 

[0027] FIG. 6 is a side cross sectional vieW of the FIG. 5 
bent/curved sheets after the sheets have been separated and 
an interlayer (e.g., PVB interlayer) provided therebetWeen, 
With the sheets thereafter returned to a juxtaposed position 
sandWiching the interlayer therebetWeen and heated in order 
to bond the glass sheets together about at least the interlayer. 

[0028] FIG. 7 is a schematic diagram of the convex or 
exterior tin side surface of the FIG. 6 bent laminate being 
ion beam milled during the course of the process of an 
embodiment of this invention, Where the bent laminate is 
shoWn cross sectionally. 

[0029] FIG. 8 illustrates the exterior surface of the bent 
FIG. 6 laminate prior to the FIG. 7 ion beam milling. 

[0030] FIG. 9 illustrates the exterior surface of the bent 
FIG. 6 laminate after the FIG. 7 ion beam milling (it is 
noted that the surface of the sheet to receive the coating 
thereon has been smoothed by the milling, and certain 
nano-cracks have been removed). 

[0031] FIG. 10 illustrates the FIG. 6 bent laminate, after 
being ion beam milled per FIG. 7, being passed under an ion 
beam source Which deposits a DLC-inclusive coating 
(including one or more layers) onto the milled and curved/ 
convex exterior surface of the laminate. 

[0032] FIG. 11 is a side cross sectional vieW of a portion 
of the resulting curved vehicle Windshield after the DLC 
inclusive coating has been deposited thereon in FIG. 10. 

[0033] FIG. 12 is a top vieW of an exemplary apparatus 
for milling and/or depositing a DLC inclusive coating onto 
the convex surface of the FIG. 6 bent laminate. 

[0034] FIG. 13 is a perspective vieW of an exemplary ion 
beam source of FIG. 12. 

[0035] FIG. 14 is a side cross sectional vieW of the ion 
beam source of FIG. 13 (and FIG. 12) With the bent 
laminate passing thereunder as shoWn in FIGS. 7 and 10. 

[0036] FIG. 15 is a side cross sectional partially schematic 
vieW illustrating a loW contact angle 0 of a Water drop on the 
exterior curved surface of a conventional glass sheet (With 
no hydrophobic coating on the sheet). 

[0037] FIG. 16 is a side cross sectional partially schematic 
vieW illustrating a high contact angle 0 of a Water drop on 
the exterior surface of a Windshield according to any 
embodiment of this invention (in embodiments Where 
hydrophobicity is desired, Which need not be all embodi 
ments). 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THIS INVENTION 

[0038] Referring noW more particularly to the accompa 
nying draWings in Which like reference numerals indicate 
like elements throughout the accompanying vieWs. 
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[0039] This invention relates to a method of making/ 
manufacturing a curved article, such as a curved laminated 
vehicle Windshield. Curved laminated Windshields accord 
ing to this invention include ?rst and second curved/bent 
glass sheets laminated together and sandWiching an inter 
layer (e.g., of or including PVB) therebetWeen. The exterior 
convex surface of the curved laminate is then passed under 
an ion beam source(s) in order to: ion beam mill the 
convex surface, and/or (ii) deposit a diamond-like carbon 
(DLC) inclusive coating on the convex surface. Surprisingly, 
it has been found that the techniques utiliZed herein enable 
this coating to be ion beam deposited onto a curved substrate 
so that the coating has a substantially uniform thickness (i.e., 
the same thickness plus/minus 10%, more preferably Within 
5% of the same thickness, and most preferably Within 3% of 
the same thickness) throughout its entire surface area, even 
given the curved nature of the article. In certain exemplary 
embodiments of this invention, the DLC inclusive coating 
may be hydrophobic and thus be characteriZed by a rela 
tively high initial contact angle 0. 

[0040] Referring to FIGS. 1-14, an example of this inven 
tion Will noW be described Where a curved laminated vehicle 
Windshield is made. 

[0041] To begin With, a glass sheet 15 Which many be 
continuous in nature is made using the knoWn ?oat process 
(step 1 in FIG. 1). As shoWn in FIG. 2, during the ?oat 
process glass strip 15 is moved in direction D on and over 
supporting molten tin bath 17. After exiting the tin bath 17 
area, the glass strip is supported by rollers 16 and moved 
toWard further knoWn processing areas. In preferred 
embodiments of this invention, glass 15 is soda-lime-silica 
type ?oat glass. It Will be appreciated by those skilled in the 
art that as a result of forming the glass 15 on molten tin 17, 
small amounts of tin or tin oxide tend to migrate into surface 
areas of the glass on the side that Was in contact With the tin 
bath 17 during manufacture (i.e., typically, ?oat glass may 
have a tin oxide concentration of 0.05% or more (Wt.) in the 
?rst feW microns beloW the surface that Was in contact With 
the tin bath). Thus, glass strip or sheet 15 has a tin side 18 
and a non-tin side 19, the tin side 18 having been directly 
over the tin bath during the ?oat process. 

[0042] Referring to FIG. 3, glass 15 (preferably after 
being cut and cooled) is processed through a knoWn sputter 
coating apparatus 20 in order to deposit a loW-E coating (or 
any other suitable coating) 21 on the non-tin-side of the glass 
sheet (step 2 in FIG. 1). As shoWn in FIG. 3, glass sheet(s) 
15 is/are moved in direction D through the coating Zone 
beneath sputtering targets in coater 20 so as to deposit 
coating 21 onto the glass substrate or sheet. For purposes of 
example only, and Without limitation, it is noted that any of 
the coatings described and/or illustrated in any of US. Pat. 
Nos. 5,298,048, 5,557,462, or 5,584,902 may be used and 
deposited as coating 21 according to different embodiments 
of this invention, each of these patents hereby being incor 
porated herein by reference. For Windshield applications, it 
is often preferred that only one of the tWo glass sheets 
ending up in the ?nal Windshield be sputter coated With a 
coating 21. As Will be appreciated by those skilled in the art, 
this step 2 (shoWn in FIG. 3) is optional. After exiting the 
sputter coater, elongated glass sheets may be cut into smaller 
pieces in certain embodiments. 

[0043] The edges of a ?rst ?at glass sheet 22 and a second 
?at glass sheet 23 are then trimmed so that they each have 
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a peripheral edge in the shape of the desired Windshield (step 
3 in FIG. 1). For example, see the peripheral shape of the 
Windshield in FIG. 3 of US. Pat. No. 4,704,174, the 
disclosure of Which is hereby incorporated herein by refer 
ence. It Will be appreciated by those skilled in the art that the 
tWo sheets 22 and 23 may or may not come from the same 
?oat glass strip 15 in different embodiments of this inven 
tion. One 23 of the tWo sheets 22 and 23 preferably has 
coating 21 thereon. 

[0044] As shoWn in FIG. 4, the trimmed ?rst and second 
sheets are then put together in juxtaposed position so that 
coating 21 on sheet 23 is on the interior side and faces the 
other sheet 22 (step 4 in FIG. 1). Preferably, the tin side 18 
of at least one of the sheets is on the outside. Optionally, a 
knoWn silica based dry poWder spacer material 24 is pro 
vided betWeen the sheets in this step. 

[0045] Thereafter, as shoWn in FIG. 5, the sheets 22, 23 
While in the juxtaposed position of FIG. 4 are placed on a 
rack and conveyed along With the rack into a knoWn bending 
furnace. Each glass sheet 22, 23 is preferably from about 1. 
to 10.0 mm thick, more preferably from about 1.7 to 4.0 mm 
thick. In the bending furnace or lehr, the sheets of FIG. 4 are 
heated to a temperature of from about 600 to 1400 degrees 
C., more preferably from about 600 to 1200 degrees C., so 
that the tWo sheets 22, 23 sag and/or bend together into the 
desired Windshield curvature as shoWn in FIG. 5 (step 5 in 
FIG. 1). The resulting bent structure of FIG. 5 includes the 
?rst and second bent glass sheets 22 and 23; but the sheets 
22 and 23 are not adhered to one another at this point. Thus, 
the tWo glass sheets 22 and 23 have been heat bent together 
into the desired Windshield shape. As Will be appreciated by 
those skilled in the art, side 61 (i.e., the convex surface/side) 
is to be the exterior surface of the resulting vehicle Wind 
shield, While side 62 (i.e., the concave surface/side) is to be 
the interior surface (i.e., at the vehicle interior) of the 
resulting Windshield. Convex side 61 has a greater radius (or 
radii) of curvature(s) than does concave side 62. In many 
embodiments of this invention, the radius (or radii) of 
curvature of both sides 61, 62 varies throughout the length 
of the Windshield as a function of the vehicle in Which the 
Windshield is to be installed. 

[0046] After gradual cooling (step 6 in FIG. 1), the tWo 
bent sheets 22, 23 of FIG. 5 are separated from one another, 
and polymer based interlayer 64 is positioned betWeen the 
tWo sheets 22, 23. Then, the sheets are brought back into 
juxtaposed position about the interlayer 64 as shoWn in FIG. 
6 (step 7 in FIG. 1). Laminating interlayer 64 is preferably 
of or including polyvinyl butyral (PVB), but may instead 
include or be of other laminating polymer based materials 
including but not limited to polyurethane or any other 
conventional interlayer material in any of Us. Pat. Nos. 
3,700,542, 5,509,015, 4,241,140, 3,522,143, 4,062,887. The 
structure including sheets 22 and 23 With interlayer 64 
therebetWeen is processed through a knoWn pinch roll(s) 
apparatus in order to remove any trapped air or gas from the 
interfacial spaces betWeen the various plies or layers. 

[0047] FolloWing the pinch roll(s) apparatus (not shoWn), 
the structure including sheets 22, 23 With interlayer 64 
therebetWeen is heated and subjected to pressure in an 
autoclave suf?cient to cause the tWo sheets to become 
laminated to one another via interlayer 64 (step 8 in FIG. 1). 
In the autoclave, for example, the structure is heated to a 

Aug. 29, 2002 

temperature of from about 70-110 degrees C. so that the 
PVB adheres to the opposing sheets 22, 23. The resulting 
bent laminate glaZing 63 is illustrated in FIG. 6. 

[0048] After the bent laminate 63 of FIG. 6 is formed, it 
is inverted and passed under an ion beam source 65 as shoWn 
in FIG. 7. As can be seen in FIG. 7, the bent laminate 63 is 
supported via supports 69 on conveyor 70, and is processed 
in direction D under source 65. Ion beam from source 65 
mills the exterior curved surface (i.e., convex surface) 61 of 
the bent laminate glaZing (step 10 in FIG. 1). In other Words, 
the convex tin side 18 of bent glass sheet 23 is ion beam 
milled by source 6. This has the advantages of both remov 
ing tin (Sn or SnO), Na, and/or the like from the sheet, and 
smoothening out the surface. 

[0049] FIGS. 8 and 9 are close-up vieWs illustrating What 
the convex or exterior tin side of glass sheet 23 looks like 
both before (FIG. 8) and after (FIG. 9) the ion beam milling 
procedure. 

[0050] FIG. 8 is a side cross sectional vieW of a small 
portion of bent glass sheet 23 of bent laminate 63. The sheet 
is illustrated as being ?at in this ?gure for purposes of 
simplicity (although it is curved as discussed above). As can 
be seen, the tin side 18 surface 105 of sheet 23 has a rather 
roughened surface, and also includes nano-cracks 106 
de?ned therein. It has been found that the presence of the 
nano-cracks and surface roughness may adversely affect the 
adherence of a coating to the surface of the sheet. Referring 
back to FIG. 7, the entire surface 105 of sheet 23 is passed 
under one or more linear ion beam sources (preferably 
emitting focused ion beams, although non-focused beams 
may be used in certain embodiments) 65 that extend at least 
across the entire surface 105 of the sheet in order to ion beam 
mill the convex surface 18, 105 of sheet 23. This ion beam 
milling shaves off or removes a portion of the surface of the 
glass sheet. For example, in certain embodiments of this 
invention, the ion beam milling removes from about 2-100 
angstroms (e.g., see depth “D” of shaved off glass in 
FIG. 8), more preferably from about 2-50 A, even more 
preferably from about 4-20 A, and most preferably from 
about 6-12 A of glass from the tin side 18 surface 105 of bent 
glass sheet 23. 

[0051] Preferably, argon ions are used to conduct the 
milling of the tin side of sheet 23 (i.e., Ar gas is used in the 
ion beam source to produce mostly Ar+ions that are directed 
toWard the convex surface to perform the milling). Alterna 
tively or additionally, other types of ions may instead be 
used (e.g., other inert gas ions such as Kr, Ne, and/or Xe) in 
the focused ion beam to perform the milling of sheet 23. 
Inert gas ions are preferred so as to minimiZe potential 
reactions With the sheet. The ion beam milling is preferably 
performed in a vacuum chamber Where the ion beam 
source(s) and the sheet 23 being milled are located. A 
pressure of from about 5.0><10_4 to 10x10“4 is preferably 
maintained in this vacuum chamber (see 85 in FIG. 12) 
during the milling process. Additionally, each ion beam 
source is preferably operated during the ion beam milling 
process so that the beam has an ion energy of from about 300 
to 5,000 eV, more preferably from about 1,500 to 2,000 eV, 
and most preferably from about 1,400 to 1,600 eV. One or 
more ion beam sources may be used during the milling 
process. Further details of an exemplary ion beam milling 
process that may be used are illustrated and described in 
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commonly owned U.S. Ser. No. 09/703,709, ?led Nov. 2, 
2000, the disclosure of Which is hereby incorporated herein 
by reference. 

[0052] FIG. 9 is a side cross sectional vieW of sheet 23 of 
laminate 63 after step 10 (i.e., after the tin side 18 of the 
sheet 23 has been ion beam milled). As can be seen from 
comparing FIG. 8 (tin side of bent sheet 23 of laminate 63 
before milling) With FIG. 9 (tin side of bent sheet 23 of 
laminate 63 after milling), the ion beam milling removes an 
amount “D” of glass from the surface of the sheet 23 and 
thereby smoothens the exterior or tin side surface thereof. 
Moreover, it can be seen that the ion beam milling removes 
or substantially reduces many of the nano-cracks 106 that 
Were originally present at the tin side surface of the sheet 23. 

[0053] Referring to FIGS. 10-11, after the convex tin side 
18 of sheet 23 of bent/curved laminate 63 has been ion beam 
milled, a coating (including one or more layers) 75 is ion 
beam deposited on smoothened/milled surface 107 of the 
bent laminate 63 (step 11 of FIG. 1). For example, as Will 
be explained beloW, a DLC inclusive coating 75 may be 
deposited on the milled surface 61, 107 via ion beam 76 
from ion beam source 74. Ion energy used to deposit coating 
75 may be from about 300 to 1500 eV (or 150-750 per 
carbon atom) in certain embodiments of this invention, more 
preferably from about 600 to 1500 eV. Coating 75, deposited 
via at least one ion beam source(s) 74 on the curved exterior 
surface of the bent laminate 63, may for example be any of 
the DLC inclusive coatings (or layer systems) described 
and/or illustrated in any of commonly oWned U.S. patent 
application Ser. No. 09/703,709, ?led Nov. 2, 2000; Ser. No. 
09/657,132, ?led Sep. 7, 2000; Ser. No. 09/627,441, ?led 
Jul. 28, 2000; Ser. No. 09/617,815 ?led Jul. 17, 2000; Ser. 
No. 09/303,548, ?led May 3, 1999; Ser. No. 09/442,805, 
?led Nov. 18, 1999; and Ser. No. 09/583,862 ?led Jun. 1, 
2000, the disclosures of Which are all hereby incorporated 
herein by reference. 

[0054] Coating 75 preferably includes at least one DLC 
inclusive layer including some amount of DLC in the form 
of highly tetrahedral amorphous carbon (ta-C) (i.e., includ 
ing sp3 carbon-carbon (C—C) bonds), in order to enhance 
the durability and/or scratch resistance of the coated article. 
In certain preferred embodiments, this DLC inclusive layer 
is subimplanted into the underlying glass sheet 23. This 
DLC inclusive layer preferably includes more sp3 carbon 
carbon (C—C) bonds than sp2 carbon-carbon (C—C) bonds, 
and preferably includes at least about 50% sp3 carbon— 
carbon (C—C) bonds, more preferably at least about 60% 
(this is a special form of DLC). This ta-C may be hydroge 
nated (i.e., ta-CzH) in certain embodiments of this invention, 
e.g., to enhance hydrophobic characteristics. The DLC 
inclusive layer(s) of the coating is preferably deposited via 
the ion beam source(s) 74 using at least a hydrocarbon gas 
such as CZH2 (acetylene). Other gas(es) such as oxygen 
and/or argon may be used in combination With acetylene 
during this deposition process. In other embodiments of this 
invention, acetylene gas may be replaced or complimented 
With any other suitable hydrocarbon or other type gas for use 
in or adjacent the ion beam. Coating 75 preferably has an 
average hardness (measured via a nano-indentation hardness 
measuring technique) of from about 45-85 GPa, more pref 
erably from about 50-70 GPa, and most preferably from 
about 55-60 GPa in exemplary embodiments of this inven 
tion. Coating 75 may be from about 10 to 500 angstroms 
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thick, more preferably from about 10 to 250 an stroms 
thick, and most preferably about 30-150 angstroms (A) thick 
in certain embodiments of this invention. HoWever, these 
thicknesses are not intended to be limiting. Moreover, coat 
ing 75 is at least about 60% transparent to or transmissive of 
visible light rays, more preferably at least about 70% trans 
missive, even more preferably at least about 85% transmis 
sive, and most preferably at least about 95% transmissive of 
visible light rays. 

[0055] When hydrophobicity is desired for DLC inclusive 
coating 75, atoms in addition to carbon (C) may be provided 
in at least the DLC inclusive portion of the coating. For 
example, the outermost portion of the DLC inclusive coatin 
(e.g., taking the entire layer thickness, or only a thin 10 A 
thick layer portion thereof into consideration) may include 
in addition to the carbon atoms, by atomic percentage, from 
about 0-20% Si (more preferably from about 0-10%), from 
about 0-20% oxygen (O) (more preferably from about 
0-15%), and from about 5-60% hydrogen (more pref 
erably from about 5-35% Optionally, in such embodi 
ments at least the outermost portion of coating 75 may 

include from about 0-10% (atomic percentage) ?uorine (more preferably from about 0-5% F) in order to further 

enhance hydrophobic characteristics of the coating. This is 
discussed in more detail in one or more of the parent cases, 
incorporated herein by reference. In general, the provision of 
H near the surface of coating 75 reduces the number of polar 
bonds at the coating’s surface, thereby improving the coat 
ing system’s hydrophobic properties. These material(s) may 
or may not be provided in coating 75 When a hydrophobic 
coating system is not desired. In hydrophobic embodiments 
of this invention, DLC inclusive coating 75 has an initial 
contact angle 0 of at least about 55 degrees (more preferably 
of at least about 80 degrees, even more preferably of at least 
about 100 degrees, and most preferably of at least about 110 
degrees). 

[0056] For further explanation of hydrophobicity and con 
tact angle, reference is made to FIGS. 15-16. The initial 
contact angle 0 of a conventional glass substrate With sessile 
Water drop 31 thereon is typically from about 22-24 degrees, 
although it may dip as loW as 17 or so degrees in some 
circumstances, as illustrated in FIG. 15. Thus, conventional 
glass substrates are not particularly hydrophobic in nature. 
In hydrophobic embodiments of this invention, the provision 
of coating 75 on the tin side of sheet 23 of the curved 
laminate causes the contact angle 0 of the Windshield to 
increase to the angles discussed herein, as shoWn in FIG. 16 
for example, thereby improving the hydrophobic nature of 
the article. As discussed in Table 1 of Ser. No. 09/303,548, 
the contact angle 0 of a ta-C DLC layer is typically less than 
50 degrees, although it may be higher than that in certain 
circumstances as a function of ion energy. HoWever, the 
makeup of DLC-inclusive coating 75 described herein 
enables the initial contact angle 0 of the system relative to 
a Water drop (i.e. sessile drop 31 of Water) to be increased 
in certain embodiments to at least about 55 degrees, more 
preferably of at least about 80 degrees, even more preferably 
to at least about 100 degrees, even more preferably at least 
about 110 degrees, and most preferably at least about 125 
degrees, thereby improving the hydrophobic characteristics 
of the DLC-inclusive coating 75. An “initial” contact angle 
0 means prior to exposure to environmental conditions such 
as sun, rain, abrasions, humidity, etc. 
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[0057] Surprisingly, it has been found that the ion beam 
milling of the sheet 23 as described above prior to deposition 
of a DLC inclusive layer system or coating 75 on the 
smoothened surface 61, 107 of the sheet 23 (and laminate 
63) results in a more scratch resistant DLC inclusive coating 
than if such ion beam milling had not occurred. Moreover, 
it has been found that the ion beam milling also results in 
improved adherence of the coating to bent/curved surface 
61, 107 of sheet 23 (and laminate 63). For example, the ion 
beam milling is performed in a manner so as to increase 
scratch resistance (SR) of the coated article by at least a 
factor of tWo, and so that an average surface roughness of the 
ion beam milled surface of the laminate folloWing said ion 
beam milling is no more than about 80% of What an average 
surface roughness of the laminate Was prior to the ion beam 
milling. 
[0058] FIG. 12 is a top vieW of an exemplary apparatus 
for ion beam milling and/or depositing coating 75 on the 
convex surface of bent/curved laminate 63. In certain exem 
plary embodiments of this invention, this apparatus may 
include both the FIG. 7 ion beam generator and the FIG. 10 
ion beam generator. As can be seen, three separate ?xed ion 
beam sources 65, 74 are provided in vacuum chamber 85, 
each source being linear and/or elongated in shape and 
having a length that extends across at least the entire Width 
“W” of the convex exterior surface 18, 61, 107 of the bent 
laminate 63 Which is passing thereunder in direction D on 
conveyor 90 (conveyor 90 may includes one or more drive 
rolls 91). Surprisingly, it has been found that using sources 
74 of length signi?cantly longer (e. g., at least about 4 inches 
longer, more preferably at least about 10 inches longer) than 
Width W of the bent laminate 63 enables the coating 75 to 
be ion beam deposited to an approximately uniform thick 
ness across the entire outer curved surface 61, 107 of 
laminate 63 (even though the laminate surface is curved as 
illustrated in the ?gures). In the illustrated embodiment, for 
purposes of example only, at least one source(s) 65 performs 
the milling of the curved outer surface of the bent laminate 
While at least ?rst and second ion sources 74 deposit DLC 
inclusive coating 75 on the ion beam milled surface. Alter 
natively, additional milling source(s) may be provided as 
may additional coating depositing source(s). 

[0059] The curved laminate 63 preferably does not rise to 
a temperature above 70 degrees C. (more preferably never 
rises about 60 degrees C., and most preferably is at about 
room temperature) in vacuum chamber 85 When the ion 
beam milling and/or ion beam coating deposition(s) are 
being performed. Laminate 63, for example, moves through 
the vacuum chamber at a rate of at least 30 inches per 
minutes, more preferably from about 30-350 inches per 
minute, and more preferably from about 90 to 300 inches per 
minute. This enables interlayer 64 (Which is often heat 
sensitive) to maintain good adhesion betWeen the tWo sheets 
22 and 23 (i.e., reducing the potential for delamination) 
since the interlayer does not heat up too much. 

[0060] FIGS. 13-14 illustrate an exemplary linear or direct 
ion beam source (65 or 74) Which may be used to mill sheet 
23 or to deposit coating 75 as discussed above relative to 
FIGS. 7-12. Ion beam source (65 or 74) includes gas/poWer 
inlet 26, racetrack shaped anode 27, grounded cathode 
magnet portion 28, magnet poles (S) 29, and insulators 30. 
A 3kV DC poWer supply may be used for poWer in some 
embodiments. Linear source ion deposition alloWs for sub 
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stantially uniform deposition of coating 75 as to thickness 
and stoichiometry. The ion beam from the source is prefer 
ably non-focused in vieW of the curved surface on Which the 
coating is being deposited. The beam may be focused or 
non-focused for milling. 

[0061] Ion beam source (65 or 74) is based upon a knoWn 
gridless ion source design. The linear source is composed of 
a linear shell (Which is the cathode and grounded) inside of 
Which lies a concentric anode (Which is at a positive poten 
tial) 27. This geometry of cathode-anode and magnetic ?eld 
33 gives rise to a closed drift condition. The anode layer ion 
source can also Work in a reactive mode (eg with oxygen 
and nitrogen). The source includes a metal housing With a 
racetrack shaped slit 44 as shoWn in FIGS. 14-15. The 
holloW housing is at ground potential. The anode electrode 
is situated Within the cathode body (though electrically 
insulated) and is positioned just beloW the slit. The anode 
can be connected to a positive potential as high Was 3,000 
or more volts Electron layer 35 completes the circuit 
thereby enabling the ion beam source to function properly. 
Both electrodes may be Water cooled in certain embodi 
ments. Feedstock/precursor gases (e.g. Ar, acetylene, etc.), 
described herein, are fed through the cavity betWeen the 
anode and cathode. The gas(es) used determines the make 
up of the resulting layer deposited on an adjacent laminate 
63, or the type of milling beam impinging upon the laminate. 

[0062] The linear ion source may also contain a labyrinth 
system that distributes the precursor gas (e.g., TMS (i.e., 
(CH3)4Si or tetramethylsilane); acetylene (i.e., CZHZ); 3MS 
(i.e., trimethyldisilane); DMS (i.e., dichloro-dimethylsi 
lane); hexane; methane; Ar; Kr; Xe; Ne; HMDSO (i.e., 
hexamethyldisiloxane); TEOS (i.e., tetraethoxysilane), etc.) 
fairly evenly along its length and Which alloWs it to super 
sonically expand betWeen the anode-cathode space inter 
nally. The gases may be fed through the ion beam source via 
cavity 42 until they reach the area near slit 44 Where they are 
ioniZed. The electrical energy cracks the gas to produce a 
plasma Within the source. The ions (e.g., Ar+ions for mill 
ing) are expelled out at energies in the order of eVc-a/2 When 
the voltage is Vc-a. The ion beam emanating from the slit is 
approximately uniform in the longitudinal direction and has 
a Gaussian pro?le in the transverse direction. Exemplary 
ions 34 are shoWn in FIG. 14. Ion beam, When non-focused 
in the instant curved surface application, preferably is 
directed toWard the curved sheet 23 surface at an angle 0t of 
from about 20 to 45 degrees, more preferably at an angle 0t 
of from about 30 to 42 degrees, and most preferably about 
36 degrees. This angle 0t enables most if not all areas on the 
exterior surface 61, 107 of sheet 23 to be hit With ions at an 
angle of incidence of approximately 90 degrees (i.e., 90 
degrees plus/minus ?ve degrees) at some point during the 
travel in direction D under or proximate the ion beam 
source; thereby enabling efficient milling and/or coating 
deposition via an ion beam on the curved/convex surface 61, 
107 of sheet 23. A source as long as one meter may be made, 
although sources of different lengths are anticipated in 
different embodiments of this invention. 

[0063] Referring to FIGS. 7, 10 and/or 14, as the glass 
traverses under the ion beam, the leading edge of the ion 
beam deposits the most on the leading edge of the glass 
(angle of incidence Within 5 degrees of Zero or normal), and 
the center of the beam deposits the most on the center of the 
glass (at top of the apex), and the trailing part of the beam 
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deposits most on the trailing part of the glass. These three 
processes are summed up and averaged because of the 
relative motion of the deposition rate over the entire surface 
to provide and approximately uniform coating thickness. In 
alternative embodiments, a concave surface could also be 
coated inversely regarding the above. 

[0064] In alternative embodiments of this invention, an 
ion beam source device(s) or apparatus as described and 
shoWn in prior art FIGS. 1-3 of US. Pat. No. 6,002,208 
(hereby incorporated herein by reference in its entirety) may 
be used to mill sheet 23 and/or deposit DLC inclusive 
coating 75 on the milled surface of sheet 23. 

[0065] Once given the above disclosure, many other fea 
tures, modi?cations, and improvements Will become appar 
ent to the skilled artisan. Such other features, modi?cations, 
and improvements are, therefore, considered to be a part of 
this invention, the scope of Which is to be determined by the 
folloWing claims. For eXample and Without limitation, cer 
tain coated articles according to this invention may be 
hydrophobic, other coated articles according to this inven 
tion may be hydrophilic, and still other coated articles 
according to this invention may be neither hydrophobic nor 
hydrophilic. 
[0066] In still further embodiments of this invention, the 
aforesaid milling and/or coating need not be applied to a 
laminated article or Windshield. Instead, in other embodi 
ments of this invention coating 75 can be deposited onto a 
conveX shaped substrate such as a curved glass substrate for 
a skylight, a curved glass substrate for a vehicle rear or side 

WindoW, or any other type of curved substrate. Likewise, in 
other embodiments of this invention the aforesaid ion beam 
milling can be performed on a conveX shaped substrate such 
as a curved glass substrate for a skylight, a curved glass 
substrate for a vehicle rear or side WindoW, or any other type 
of single piece curved substrate. 

What is claimed is: 
1. A method of making a curved laminated vehicle Wind 

shield, the method comprising: 

providing ?rst and second glass sheets; 

placing the ?rst and second glass sheets in juxtaposed 
relation With one another and heat bending the sheets 
together; 

positioning an interlayer betWeen the tWo heat bent glass 
sheets; 

heating the glass sheets With interlayer therebetWeen in 
order to laminate the ?rst and second glass sheets to one 
another via at least the interlayer, thereby forming a 
curved laminate including a conveX surface and a 

concave surface; 

ion beam milling the conveX surface of the curved lami 
nate in order to shave off or remove a portion of the ?rst 
glass sheet thereby forming a milled conveX surface of 
the curved laminate; and 

ion beam depositing a diamond-like carbon (DLC) inclu 
sive coating on the milled conveX surface of the curved 
laminate using a non-focused ion beam, thereby form 
ing a vehicle Windshield having an outer or conveX 
surface including a DLC inclusive coating thereon. 
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2. The method of claim 1, Wherein the non-focused ion 
beam as directed toWard the milled conveX surface spreads 
over an angular range 0t of from about 20 to 45 degrees. 

3. The method of claim 2, Wherein the non-focused ion 
beam as directed toWard the milled conveX surface spreads 
over an angular range 0t of from about 30 to 42 degrees. 

4. The method of claim 1, Wherein said milling comprises 
ion beam milling substantially an entire surface of the 
conveX surface so as to reduce the thickness thereof by at 
least about 2 A (angstroms). 

5. The method of claim 4, Wherein said ion beam milling 
is performed in a manner so as to increase scratch resistance 
(SR) of the coated article by at least a factor of tWo. 

6. The method of claim 4, Wherein said ion beam milling 
is performed in a manner so that an average surface rough 
ness of the ion beam milled surface of the laminate folloW 
ing said ion beam milling is no more than about 80% of What 
an average surface roughness of the laminate Was prior to 
said ion beam milling. 

7. The method of claim 1, Wherein said ion beam milling 
is performed so as to reduce the thickness of the laminate by 
from about 2-50 

8. The method of claim 1, further comprising using an 
inert gas in an ion beam source When performing said ion 
beam milling, so that ions resulting from an inert gas are 
directed toWard the laminate in order to mill the conveX 
surface thereof. 

9. The method of claim 1, Wherein each of the ?rst and 
second glass sheets includes a tin side and a non-tin side, and 
Wherein the conveX surface of the curved laminate is the tin 
side of the ?rst sheet so that said ion beam milling mills the 
tin side of the ?rst sheet of the curved laminate. 

10. The method of claim 1, Wherein the DLC inclusive 
coating includes more sp3 carbon-carbon bonds than sp2 
carbon-carbon bonds. 

11. The method of claim 1, Wherein the coated article has 
an initial contact angle 0 of at least about 55 degrees. 

12. The method of claim 11, Wherein the coated article has 
an initial contact angle 0 of at least about 80 degrees. 

13. The method of claim 1, Wherein said ion beam 
depositing is performed in a manner such that the DLC 
inclusive coating layer has an average hardness of at least 
about 20 GPa. 

14. The method of claim 1, Wherein the vehicle Wind 
shield comprises the ?rst and second bent glass sheets With 
both of (a) the interlayer, and (b) a loW-emissivity (loW-E) 
coating, provided therebetWeen. 

15. The method of claim 1, Wherein the interlayer com 
prises a sheet or layer of polyvinyl butyral (PVB). 

16. A method of making a curved laminated vehicle 
Windshield, the method comprising: 

providing ?rst and second glass sheets; 

heat bending the ?rst and second sheets to form respective 
bent glass sheets; 

heating the bent glass sheets With an interlayer therebe 
tWeen in order to laminate the ?rst and second bent 
glass sheets to one another via at least the interlayer, 
thereby forming a curved laminate including an out 
Wardly curved surface; and 

ion beam depositing a diamond-like carbon (DLC) inclu 
sive coating on the outWardly curved surface of the 
curved laminate thereby forming a vehicle Windshield. 
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17. The method of claim 16, wherein each of the ?rst and 
second glass sheets includes a tin side and a non-tin side, and 
Wherein the outwardly curved surface of the curved laminate 
is the tin side of the ?rst bent sheet so that the DLC inclusive 
coating is ion beam deposited on the tin side of the ?rst sheet 
of the curved laminate. 

18. A method of making a curved coated article, the 
method comprising: 

providing a glass sheet; 

heat bending the glass sheet to form a bent glass sheet 
having a conveX surface and a concave surface; and 
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ion beam depositing a diamond-like carbon (DLC) inclu 
sive coating on the conveX surface of the bent glass 
sheet. 

19. The method of claim 18, further comprising ion beam 
milling the conveX surface of the bent glass sheet prior to 
said ion beam depositing. 

20. The method of claim 19, Wherein the bent glass sheet 
includes a tin side and a non-tin side, and Wherein the 
conveX surface of the bent glass sheet is at the tin side of the 
bent glass sheet so that the tin side of the bent glass sheet is 
ion beam milled and the DLC inclusive coating is ion beam 
deposited on the tin side of the bent glass sheet. 

* * * * * 


